tion, the majority of these studies suffer from several methodological limitations, including small sample size, use of non-ideal control groups, and drop-out and selection biases [15, 16] . Thus, many believe that randomized trials are now needed to clarify the true benefi ts of frequent HD. These trials should not only establish the effi cacy and safety of daily and nocturnal HD, but should also serve to guide governments and funding agencies in making policy decisions regarding the role of these potentially expensive therapies in the treatment of ESRD. The trials should also inform nephrologists on how these new therapies may best be implemented in real practice.
In designing trials that fulfi ll these goals, many questions arise. There are potentially endless possibilities with respect to the choice of the study population, intervention, control group, outcomes, and economic evaluation. Several methodological issues particular to trials of frequent dialysis require additional consideration. The 'ideal' trial in terms of methods must be balanced against budgetary constraints and feasibility of implementation and recruitment. In the following discussion, we explore some of these issues.
Study Population
One major limitation of previous studies of frequent HD is that participants were often not representative of the general HD population. Whether highly select participants differ from the general HD population in their response to these therapies is unclear. For example, in studies of daily HD, the mean age of study participants was 45-64 years, their mean time on conventional HD had been 2-11 years, 0-28% had diabetes, and almost half of the patients were selected because they were 'stable' or able to undergo HD at home [16] . Participants enrolled in past nocturnal studies had similar characteristics, with a mean age of 40-50 years, and less than one third having diabetes [10, 13, 17] .
The study population chosen for any trial should refl ect the population for whom the therapy is intended [18] . This raises the following questions: for whom is frequent HD intended? Should all patients with ESRD be offered daily or nocturnal HD? If not, what are the eligibility criteria? Obviously, the answers to these questions depend on the type and location of the therapy. As mentioned, previous studies suggested that frequent HD is currently being prescribed to patients who are younger and healthier than the general HD population [10, 13, 16, 17] . However, some have suggested that in-center daily HD should be preferentially used in very ill patients who require extra clearance or ultrafi ltration, including those with severe malnutrition, uncontrolled hypertension, recurrent pulmonary edema, or frequent intradialytic hypotension [11, 12] . Similarly, nocturnal HD may be targeted to those with severe soft tissue and vascular calcifi cation where high phosphate clearances are required [19] . On the other hand, when performed at home, only the most stable, compliant, and motivated patients with adequate social support may be eligible and interested in these therapies [20] . Cost considerations may also preclude those with a poor life expectancy from undergoing home daily or nocturnal HD as a result of high initial capital investments required for home HD [21] .
Once inclusion criteria for any trial are decided, it should be appreciated that all eligible patients may not be interested in participating, potentially causing selection biases [22] . The increased cost and inconvenience of traveling to the HD unit twice as often may deter patients from considering in-center daily HD; moreover, daily transportation may not be available even for those who are willing. Similarly, many patients are reluctant to undergo home nocturnal HD due to fears about performing the procedure themselves, lack of social support, or an aversion to 'medicalize' their home [23] . Alternatively, some patients are simply unwilling to participate in a clinical trial. Patients who decline participation for these reasons may be less motivated, of lower socioeconomic status, or more ill than those who agree to participate. These differences could potentially affect their response to therapy, limiting the generalizability of the trial's results [24] .
Thus, in conducting a trial of frequent HD, the collection of baseline demographic data and the reason for nonparticipation of patients who are excluded from the trial should be considered. These data could not only aid trial recruitment efforts but could guide assessments of generalizability and improve the understanding of how to best apply the therapy outside of the trial. For example, if the major reason for non-acceptance of in-center daily HD is increased transportation costs, supplemental funding would help to remove this barrier. Similarly, supplementing capital costs for home modifi cations or developing increased home care support may improve the acceptance of home nocturnal HD in those with fi nancial barriers or with poor social support, respectively. If it is found that participants are younger and healthier than eligible non-participants, it may be impractical to expect that frequent HD will be applied to the majority of the general HD population. Unfortunately, the collection of detailed data on non-participants who have not consented to the trial may be limited by federal privacy legislation.
Study Intervention
Time, Frequency, and Dose In the last 3 decades, several frequent and intensive dialysis modalities have been employed, including long conventional (6-8 h/session, 3 days/week) [25] , enhanced conventional (3-4 h/session, 4 days/week) [26] , short daily (2-3 h/session, 5-7 days/week) [16] , and long nocturnal (6-8 h/session, 5-7 days/week) [15] . Each of these regimens has been reported to have benefi cial outcomes in observational studies compared with conventional HD, and thus may be a potential option for study in a randomized trial.
It is not clear whether the intervention should simply be based on time and frequency, or whether a dialysis 'dose' should be specifi ed. If the dose is specifi ed, how should it be measured? Several methods exist to estimate weekly urea clearance [27] [28] [29] , but none have been rigorously validated. However, the frequent HD intervention is defi ned, ideally, there should be a clear separation between study and control groups in the clearance of small and middle molecules, phosphate, and water. Such separation will likely be relatively easy to achieve with any long nocturnal HD regimen, even if performed for only 6 h, 5 nights/week (Gotch/Greene, unpubl. data). However, the ability to achieve such high clearances with short daily HD may be limited by patient willingness to accept long treatment times 6 days/week (Gotch, unpubl. data). As a result, the daily HD intervention may need to be defi ned by the highest dose that patients will tolerate.
Location and Independence
The intervention chosen for a trial of frequent HD must consider location and independence of care in addition to time, frequency, and dose. Although nocturnal HD is typically performed independently at home by the patient and/or caregiver, other modalities may be performed either in-center or at home with varied levels of independence, ranging from total nursing care, nurse-assisted self-care, to complete independence. The choice of location and independence of care will affect the generalizability of the trial results, as patients able to undergo home independent HD are typically more compliant, motivated, and healthier than patients who must dialyze incenter [20] . More importantly, the location and type of care chosen will affect how the study results are interpreted, depending on the control group. In a trial of home nocturnal HD, if the control group receives conventional HD at home, then any differences in outcomes observed will most likely be related to increased dialysis dose. However, if the control group receives conventional HD incenter, then being at home becomes an intricate part of the intervention, and observed effects attributed to increased dialysis dose will be potentially confounded by effects related to being at home. The impact of this confounding will depend on the outcomes chosen: quality of life outcomes will likely be more affected than objective physiological measures. Ultimately, the choice of either option depends on the goals of the study, as well as the feasibility of implementation. If the standard of care is conventional in-center HD, then studying the double intervention of 'home' and 'nocturnal' against the standard of care may be the most feasible option. On the other hand, given that home nocturnal HD is likely to be considerably more expensive than home conventional HD [30] , some would argue that these two interventions should be studied separately in order to properly evaluate the effects and cost effectiveness of each.
Non-Dialytic Aspects of the Intervention
Just as being at home may become part of the intervention in a trial of home nocturnal HD, the intervention of in-center daily HD is complex and involves aspects of care unrelated to dialysis dose. Patients on in-center daily HD come to the HD unit twice as often as those on conventional HD, with increased opportunities for interaction with the health-care team and fellow patients. Patients receiving in-center short daily HD are assessed daily by nurses and may interact with nephrologists, physiotherapists, nutritionists, pharmaceutical and social workers more frequently than patients on conventional HD. Compliance may also improve for those medications given on dialysis. In the setting of a positive trial result, it may be argued that any quality of life or physiological benefi ts conferred by short daily HD may relate to increased surveillance and care by the medical team rather than increased HD dose. As it is impractical to completely eliminate this source of confounding, any increased time spent with the health-care team as a result of coming to the HD unit daily becomes an inherent aspect of the intervention. Thus, in order to guide the interpretation of the trial results, efforts should be made to characterize the non-dialytic aspects of the frequent intervention. This would include gathering data on the number of visits and time spent with the health-care team in each arm.
Outcomes and Economic Evaluation

Primary Outcome
The primary outcome chosen for any trial of frequent HD should fulfi ll several requirements. Obviously, the intervention should be hypothesized to have a clinically important effect on the outcome. However, the outcome should also have substantial importance to patients, practitioners, and funding agencies, so that a positive trial will elicit change in policy as well as in practice. This latter aim must be weighed against the feasibility of recruiting the necessary sample size and monies available to fund the trial. Thus, although a trial demonstrating improved mortality with frequent HD may be ideal in infl uencing practice, the required sample size of thousands of patients with years of follow-up would likely preclude its current undertaking. Not only does the complexity of the intervention make the costs to conduct such a large trial prohibitive, it is unclear whether such large numbers of patients would be willing to participate. Moreover, embarking on such a large trial would be imprudent, without fi rst obtaining more experience in multiple centers with this novel therapy that has, to date, been utilized by few.
For these reasons, the evaluation of 'softer' endpoints will likely be the most feasible current option. Previous studies have suggested that frequent HD improves a multitude of health parameters, including health-related quality of life [31] , blood pressure [32, 33] , left-ventricular mass index [34, 35] , hemoglobin [36] , albumin [37] , dietary protein intake [37] , and phosphate [38] . Although improvements in all or several of these outcomes may be compelling enough to establish the effi cacy of frequent HD, it is unclear which of these outcomes should be chosen as the primary outcome of a trial designed with the objective of affecting policy. Health-related quality of life, although clinically important, would likely be inadequate on its own given it is a self-reported measure potentially subject to placebo effects in an unblinded trial. Of the other surrogate physiological measures, few have been validated against a change in mortality for this patient population. Thus, it is likely that any trial of frequent HD will require the evaluation of multiple outcomes.
Evaluation of Safety
Currently, the safety of frequent HD is uncertain. With increased dialysis, there is the potential for increased blood loss, more vascular access events, watersoluble vitamin defi ciency, as well as patient burnout and increased burden on caregivers. It is imperative that trials evaluate each of these outcomes, so that physicians and their patients can consider the risk-benefi t when using these therapies.
Cost-Effectiveness
If daily and nocturnal HD are shown to improve outcomes, then implementation of frequent HD as an alternative treatment option for patients with ESRD will depend on its associated costs. While home daily and nocturnal HD cost less than in-center conventional HD [30, 39] , this is not the case for in-center daily HD. Given the cost-effectiveness and cost utility of any of these therapies are largely unknown, evaluating these outcomes in a trial of frequent HD would have important implications. The detail with which the economic evaluation is conducted and the breadth of its perspective will depend on resources available for necessary data collection, and the interest of those conducting the trial. Funding agencies may be most interested in costs from the perspective of the health care provider. However, understanding the costs borne by patients and caregivers is equally important. Such costs may be related to transportation, home dialysis modifi cations, or lost time from work to attend HD training sessions. Even if frequent HD is demonstrated to be cost-effective from the viewpoint of the funding agency, these therapies are unlikely to be adopted into practice if costs borne by the patient and caregiver are deemed excessive.
Conclusion
Randomized trials of frequent HD are now required. These trials should be designed to meet the objectives of establishing the effi cacy and safety of frequent HD, guiding funding agencies in making policy decisions, as well as ascertaining how such therapies may best be implemented outside the trial. Whether or not the future trials of frequent HD infl uence policies and practices remains to be seen.
